Abstract. Substantial improvements are required in the current suite of numerical models if we are to better understand the present ocean biogeochemical state and predict potential future responses to anthropogenic perturbations. At present, major impediments to marine biogeochemical modeling include the inadequate representation of multi-element cycling and community structure, large-scale physical circulation, mesoscale space and time variability, and mass exchange between the open ocean and the atmosphere, land, and coastal ocean. Marine biogeochemical modeling is inherently data driven, and significant progress on any of these topics will require close collaboration between the observational and modeling communities. Two main thrusts should be to develop improved, mechanistically based parameterizations of specific biogeochemical processes and to test the overall skill of integrated system models through detailed model-data comparison of both the mean state and seasonal to interdecadal variability.
simplicity of current models belie the complexity of the real system. At a minimum, numerical models must incorporate the major shifts in biogeochemical paradigms resulting from recent field studies.
Many Dissolved organic matter (DOM) has been shown to be an important pool for seasonal carbon storage and export [Carlson et al., 1994; Hansell and Carlson, 1998 ], and the partitioning of organic matter export between dissolved and sinking particle forms is critical for largescale model dynamics [Najjar et al., 1992] . However, the dynamic controls on the production and consumption of DOM, the so-called "microbial" loop, are poorly known from a mechanistic perspective [Azam, 1998 ].
The next steps forward for numerical modeling will require explicit treatment of multiple elemental cycles (C, N, P, Si, Fe) and functional diversity within the plankton community. At the system level, the simultaneous comparison of multiple elemental budgets provides a much more stringent test of model skill, and the modeling field would greatly benefit from the construction of a standardized set of validation exercises across a range of marine environments based on existing time series and regional data sets [e.g., Evans and Garcon, 1997]. Rudimentary, often incomplete community structure models also have been proposed, but as yet, no general model form has gained wide acceptance. Considerable debate has centered on whether it is better to predict species composition or at a minimum functional characteristics, prognostically, parameterize structural responses through more simplified allometric relationships [e.g., Armstrong, 1994], or specify fixed biogeographical regimes in space and time [Longhurst, 1995] . Improved basin-and global-scale compilations of in situ plankton size spectra [Chisholm, 1992] , pigment fioristics, and phytoplankton and zooplankton community composition are needed for model testing and satellite algorithm development. The resulting increases in model complexity must be grounded in a mechanistic understanding of the underlying processes, and traditional process studies will be fundamental in this regard but may not be sufficient. 
